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Introduction 


In  medical  practice  and  research,  steriliza- 
tion of  materials  and  equipment  is  frequently 
necessaiy  to  prevent  infection.  Steam  pressure 
and  other  heat  sterilization  methods  are  usually 
satisfactory;  however,  a number  of  materials, 
certain  instrmnents,  and  various  types  of  ap- 
paratus are  easily  damaged  by  the  high  tem- 
peratures needed  for  steam  or  heat  sterilization. 
Eecent  developments  in  automatic  equipment 
utilizing  gaseous  ethylene  oxide  at  lower  tem- 
peratures now  make  practical  the  sterilization  of 
many  heat  labile  objects  used  in  hospitals  and 
laboratories  This  paper  presents  an 

evaluation  of  a new  method  of  sterilization, 
which  uses  a nonflammable,  nonexplosive  mix- 
ture of  ethylene  oxide  and  halogenated  hydro- 
carbons with  low  pressure  characteristics  in  an 
automatically  controlled  sterilizer. 

Ethylene  oxide  has  been  known  for  many 
years  to  have  bactericidal  properties.  Cotton 
and  Eoark  (tf),  while  testing  fumigants,  ob- 
sei’ved  the  lethal  effect  of  ethylene  oxide  on  a 
number  of  insects.  Phillips  and  Kaye  (7)  re- 
ported that  the  first  reference  to  antibacterial 
action  appeared  in  1929,  in  a patent  application 
by  Schrader  and  Bossert.  Pappas  and  Hall 
(8),  Yesair  and  Williams  (5),  and  Kirby,  At- 
kin, and  Frey  (10)  reported  the  successful  use 
of  ethylene  oxide  in  the  control  of  microbial  con- 
taminants in  spices  and  baked  goods. 

Effect  of  Concentration  of  Gas.  Velu, 
Lepigre,  and  Bellocq  (11)  sterilized  glass, 
metal,  and  cloth  surfaces  by  exposing  them 
to  ethylene  oxide.  Phillips  {13)  reported  that 


doubling  the  concentration  of  ethylene  oxide 
reduced  the  sterilization  time  about  one-half, 
and  that  the  bactericidal  activity  was  increased 
by  a factor  of  2.71  for  each  10°  C.  rise  in  tem- 
perature within  the  range  of  5°  to  37°  C. 

Effect  of  Eelative  Htjmiditt.  Kaye  (IS) 
found  ethylene  oxide  effective  against  spores  of 
Bacilhis  siibtilis  vai’.  glohigii  in  aerosol  studies. 
Kaye  and  Phillips  {llf.)  showed  that  humidity 
was  an  important  factor  in  the  killing  action  of 
ethylene  oxide.  Their  studies  indicated  that 
B.  subtilis  var.  globigii  spores  at  28  per- 
cent relative  humidity  were  killed  4 times  as 
rapidly  as  at  65  percent  relative  humidity,  and 
almost  10  times  as  rapidly  as  at  97  percent. 

Kaye  {15)  reported  that  a gaseous  mixture  of 
10  percent  ethylene  oxide  and  90  percent  carbon 
dioxide  sterilized  artificially  contaminated 
blankets,  linens,  and  books.  Wilson  {16)  stated 
that  plaster  bandages  exposed  to  ethylene  oxide 
overnight  were  sterilized.  Mathews  and  Hof- 
stad  (77),  Klarenbeek  and  van  Tongeren  {18), 
and  Callis  and  associates  {19)  have  reported 
inactivation  of  several  viruses  after  exposures 
to  certain  concentrations  of  ethylene  oxide. 

Skeehan,  King,  and  Kaye  {20)  sterilized 
ophthalmological  instruments  with  a mixture 
of  ethylene  oxide  and  dichlorodifluoromethane. 
Kaye  and  Darker  {21)  reported  the  steriliza- 
tion of  surgical,  dental,  and  medical  instru- 
ments by  ethylene  oxide  vapor. 

Nonflammable  formulations  for  sterilizing 
sensitive  materials  were  reported  by  Haenni 
and  associates  {22). 
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Description  of  Equipment 


The  sterilizer  used  for  this  study  was  an  open 
mounted  tlevelopmental  model  shown  in  figure 
Id  This  ecpiipment  consisted  of  a heated 
vacuum  pressure  type  chamber,  a vacimm 
pump,  a chargfing  manifold,  and  automatic 
controls,  all  mounted  on  a single  stand  enclosed 
in  a staiidess  steel  cabinet. 

Interior  chamber  dimensions  of  10  inches  by 
10  inches  by  00  inches  provided  a sterilizer 
capacity  of  approximately  4i4  cubic  feet.  The 
chaml>er  was  of  single-walled,  all-welded  steel 
construction  with  baked  enamel  interior,  vac- 
uum pressure  type  designed  for  33  pounds  per 
sijuare  inch  working  pressure.  Six  electric 
.strip  heaters,  each  of  500  watt  rating,  were 
e<jually  distributed  on  the  two  sides  and  bottom 
of  the  chamber  for  heating  the  sterilizing  gas. 
These  heaters  were  controlled  thermostatically 
to  maintain  chaml)er  temperatures  varying 
from  room  temperature  to  140°  F. 

An  electrically  driven  vacuum  ])um])  con- 
nected directly  to  the  chainl)er  exhausted  it 
to  approximately  2(>  inches  of  mercury  vacuum 

* Thl«  Ktfrilizor  wa.s  i)ur<-ha.sc(l  from  the  .Viiu'ricaii 
Sterilizer  Coiiiimiiy,  Krie,  I’a.  lmi)rov(*(l  production 
iuo<lel«  of  thia  tj-jx*  of  etiuii>iiient  are  availalile  from 
tliin  company  ami  otlier  manuf.acturer.s. 


prior  to  charging  it  with  sterilizing  gas.  This 
vacuum  pump  was  also  used  to  exhaust  the  gas 
to  an  atmospheric  vent  at  the  end  of  the  auto- 
matic sterilizing  cycle. 

The  charging  manifold  contained  devices  for 
adding  water  to  humidify  the  chamber  and 
for  puncturing  and  maintaining  a tight  seal 
with  either  one  or  two  disposable  cans  of  steri- 
lant.-  It  also  included  a solenoid  valve  to 
allow  the  water  and  the  ethylene  oxide  gas  mix- 
ture to  enter  the  chamber  as  soon  as  a preset 
vacuum  was  reached. 

The  sterilizing  cycle  was  operated  auto- 
matically by  a system  of  pressure-operated 
mei-cury  switches,  and  an  electric  timer,  relays, 
and  solenoid  valves.  The  timer  had  a selection 
of  exposures  up  to  '24  hours.  A pressure  and 
vacuum-temperature  recorder  with  (i-inch  di- 
ameter, 24-hour  chart  indicated  and  i-ecorded 
chamber  ])ressures  and  temperatures  for  each 
cycle.  The  electrical  supply  was  120  volts,  00 
cycle  a.c.,  single  j)hase  for  the  controls,  and  208 
volts,  00  cycle  a.c.,  three  phase  for  the  heaters. 

”A  iumlliimmal>le,  iionexplosive  mixture  of  ethylene 
oxide  (11  percent)  and  haloKenated  hydrocarbons  (H!) 
))erc(‘nt)  with  low  pressure  characteristics. 


Mclliod  of  Evalution 


\ variety  of  materials  and  apparatus  to- 
gether with  repres«mtal ive  teiit  organisms  wtis 
expos<ul  to  a range  of  coiiflil ions  to  deteriiiine 
the  elfeet  of  the  gas  on  lh(?  niicro-m-ganisins  and 
exported  materials,  t'haml>er  pi(!SSiir<^  and  tem- 
|»eratiire,  time  of  exposure  of  load  to  gas,  me- 
chanical pe/-formance,  and  other  pertinent  in- 
formation were  recoirled  for  each  test  run. 
'1  em|a-rature  of  sehalful  positi<jiis  within  the 
iterilizer  cluimber  was  niea  iired  with  iheinio- 


(•onples  connected  to  a multipoint  recording 
])otenl  ionieler  ( iig.  1),  (k)ncent  rtd  ions  of  eth- 
ylene o.xide  and  relative*  humidity  of  (he  gas 
inixl  tires  in  (he  sterilizer  were  measured  with  ti 
giis  chroiniitograph  iind  itn  electric  hygrometer. 

1 iK'I  KUM  INA'l'ION  Ol’  (|AS  CoNCI'.NTUA'riON  AND 
I li'MiDiTV.  'I'o  obtilin  a rapid  tind  fairly  tic- 
curttte,  method  of  determining  ethylene  oxide 
gas  concentriit ions  from  sintdl  sani|)les  drtiwu 
from  (he  sterilizer  chiiniber,  a gtis  chroimdo- 
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graphic  technique  was  selected.  A system  was 
developed  to  allow  simultaneous  determination 
of  the  relative  humidity  of  the  gas  sample.  The 
apparatus  used  is  shown  in  figure  2.  Gas 
samples  were  fed  through  copper  tubing  from 
the  back  of  the  sterilizer  chamber  to  the  gas 
chromatograph  on  the  left  side  of  the  table. 
Approximately  1 milliliter  of  gas  was  required 
for  each  determination.  The  relative  concen- 
tration of  ethylene  oxide  was  recorded  by  the 
adjustable  span  potentiometer  on  the  right. 

The  apparatus  shown  in  figure  2 included  an 
electric  hygrometer  cell  (on  hotplate)  for  sens- 
ing humidity  and  temperature  of  the  gas  sample 
and  a meter  (in  center  of  table)  for  indicating 
relative  humidity,  with  accuracy  of  ±1%  per- 
cent. The  barometer  used  to  determine  atmos- 
pheric pressure  was  on  the  left  side  of  the  steri- 
lizer, while  the  gauge  for  measuring  the  gas 
pressure  in  the  chamber  was  located  on  the 
right  side  of  the  sterilizer.  The  gas  cylinder  on 
the  floor  contained  helium  used  in  all  tests  as 
the  carrier  gas  for  the  chromatographic  appa- 


Fignire  1.  Automatically  controlled  gas  sterilizer  and 
multipoint  recorder  for  temperature  measure- 
ments. 


I'atus.  All  calibrations  and  calculations  re- 
quired during  the  study  were  based  on  the  ideal 
gas  law.^ 

Exposttre  of  ^Micro-organisms.  Several 
strains  or  species  of  micro-organisms  were  ex- 
liosed  to  a mixture  of  11  percent  ethylene  oxide 
and  89  percent  halogenated  hydrocarbons  in 
this  study.  The  predominant  test  organisms 
were  the  spores  of  B.  suhtilis  var.  glohigii^  since 
they  are  recognized  as  being  much  more  re- 
sistant to  lethal  agents  than  nonsporeforming 
organisms.  Other  bacteria  used  were  Escher- 
ichia coll.  Salmonella  typhl.  Mycohacterlum 
phlel.  Staph ylococcus  aureus.,  209 ; Staphylococ- 
cus aureus,  phage  type  7 ; a Proteus  species,  a 
Pseudomonas  species,  and  Bacillus  stearother- 
mophllus.  Filter  paper  strips  impregnated 
with  spores  of  B.  subtills  var.  globlgii*  were 
used  extensively  during  this  evaluation  when- 
ever material  was  not  directly  contaminated 
with  the  test  organism.  Controls  in  each  lot  of 
spore  strips  were  tested  to  determine  their 
viability.  Pathogenic  fungi  ® used  in  the  study 
wei-e  Candida  albicans.  Cryptococcus  neofor- 
mans,  Sporotrlchum  schenkli,  Coccidioides 
immltis.  Rlstoplasma  capsulatum.  and  Blasto- 
myces d er  mat  It  Id  is. 

In  determining  the  microbicidal  eflect  of  the 
ethylene  oxide-halogenated  hydrocarbon  mix- 
ture on  the  bacteria  and  pathogenic  fungi, 
fungal  cells  in  the  pathogenic  }’east  phase  and 
the  saprophytic  spore  phase  and  bacterial  cells 
were  placed  on  sterile  filter  paper  strips  in 
sterile  petri  dishes  and  exposed  to  the  ethylene 
oxide-halogenated  hydrocarbon  vapors  in  the 
chamber  of  the  sterilizer.  Inoculated  control 
strips  were  also  tested  at  room  temperature  and 
at  the  sterilizer  chamber  temperature  to  deter- 
mine any  lethal  effects  due  to  temperature  or 
drying,  or  both.  Xo  controls  were  run  to  de- 
termine the  effects  of  pressure  and  vacuum, 
since  previous  experience  indicates  that  very 


’ Details  may  be  obtained  from  the  Sanitary  En- 
gineering Branch,  National  Institutes  of  Health, 
Bethesda,  Md. 

^ Supplied  by  American  Sterilizer  Company,  Erie, 
Pa. 

® Studies  ^Yith  pathogenic  fungi  were  carried  out  in 
cooperation  with  Dr.  C.  W.  Emmons,  National  Institute 
of  Ailergy  and  Infectious  Diseases,  Public  Health 
Service. 
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Fif^ure  2.  Apparatus  for  measurement  of  elliylene  oxide  <‘oneeiitratioii  and  relative  humidity  in  sterilizer. 


mm  \m 

lilth\  if  any.  lethal  ell'eet  is  exliihited  by  these 
two  physical  aji-eiits,  es|)ecially  in  the  ranges 
n><'(l  for  the  api>aiatns  tested. 

When  .-.pore  sli  ips  of  Ji.  suhtUix  vai’.  (jlobifjii 
<onld  Jiot  he  ii'.<‘(l  to  obtain  conclnsi\e  data, 
materials  weic  cxmtaiiiinated  with  spore  sus- 
peiisifais  (jf  t his  oigaiiisin  deposited  in  oi'  on  the 
following  iteni-;  plastic  tnhing,  hypodermic 
ni-edle-^.  urinary  catheters,  X-ray  cathetei’s, 
i-nhlx-r  -.nrgiial  gloscs.  cystoscope,  pharyngo- 
r<ope,  heart,  valve  dilator,  and  heart  valve 
knifis  .Spoies  for  the  iiiocidiim  were  de\cl- 
oped  on  tmlrienl  agar  until  appio.ximately  !)0 
percent  i pornlation  had  («  i-iirred  a- determinefi 
by  micio:.co)hc  . poie  count.  I hey  were-  then 
t'arve  ted,  washed,  and  siirpende(|  in  hiill'ere(| 
d:  'jlh.d  V,  ater  and  Inait  :dio<’ke(|  at  SO  ' ( '.  for 
.b  miniitC'  to  eliminate  veiretative  cells. 

( 'oi;’-ciit  rat  ions  of  organisms  in  t he  inoc.nhims 
liii-d  ;m  the  e te-t  were  determined  by  plate 


counts  for  vegetative  and  si)ore  sus})ensions  of 
bacteria  and  by  microscopic  s})ore  counts  for 
spores  of  the  pathogenic  fungi. 

'ho  detei  iniue  sitrvival  of  organisms  after  ex- 
posure to  ethylene  oxide  gas  mixture,  the  liller 
pap(>r  strips  inoculated  with  bacterial  spores 
or  vegetal  iv(‘  cells  were  I rausferi'ed  aseptically 
to  tuhi‘s  of  (luid  t liioglycollale  sicu'ilily  testing 
medium,  llimis  coidamiuat(‘d  with  />.  .sii/t/i/ls 
var.  g/o/oV/// spore*  suspensions  were  rinsed  with 
sterile-  hiill'ered  dislilh'd  water  and  the  ritise* 
placed  in  the  I hioglycollale*  nu'dium.  Prelim- 
inary tests  indicated  that  organisms  could  he- 
remoN’ed  from  items  by  the,  rinse.  Iechni(|ue. 
Ilowevei',  no  tests  weic  dom*  to  d(“l(“rmine  the 
percent  recovery  obtained.  'I'ln*  Inbi's  of  llii- 
oglycollale  containing  tin*-  stfips  or  tin*,  rins<*. 
weic,  iiKMibated  at  .’17°  ( for  7 to  10  days  atid  ob- 
ser\'(‘d  for  growth  during  incnhalion.  In  lla*. 
case  of  the  pathogenic  fungi,  the,  expos(*d  liller 


paper  strips  containing  the  organisms  were 
transferred  to  Sabouraud’s  maltose  agar 
(Difco)  and  observed  for  growth  during  an 
incubation  period  of  14  days  at  37°  C. 

Expostfre  of  Materials.  Materials  being- 
sterilized  were  subjected  to  an  initial  vacuum, 
exposure  to  ethylene  oxide  gas  mixture  under 
pressure  for  2 or  more  hours  at  slightly  elevated 
temperatures,  and  a final  vacuum  at  the  end  of 


the  exposure  period.  Because  of  these  condi- 
tions and  since  ethylene  oxide  is  a penetrat- 
ing, reactive  compound,  it  was  problematical 
whether  the  exposed  materials  would  be  dam- 
aged during  the  sterilization  cycle.  To  help 
answer  this  question,  several  types  of  materials 
were  observed  closely  after  each  exposure  for 
indications  of  any  alteration  in  their  physical 
properties. 


Results 


General  Performance.  The  overall  per- 
formance of  the  developmental  gas  sterilizer 
was  observed  for  18  months,  during  which  it  was 
subjected  to  115  test  runs  and  approximately 
800  hours  of  operation.  Several  minor  me- 
chanical and  electi'ical  corrections  were  required 
during  this  period.  In  general,  the  process  of 
sterilization  was  reliable,  safe,  and  satisfactoiy. 

Figure  3 shows  a pressure-temperature  chart 
for  a typical  2-hour  exposure  of  materials  using 


two  cans  of  sterilant.  The  pressure  record  in- 
dicates that  26  inches  of  mercury  vacuum  were 
reached  prior  to  automatic  injection  of  the 
liquid  sterilant.  As  the  sterilant  changed  from 
liquid  to  gas,  the  chamber  pressure  rose  to  15 
pounds  per  square  inch  gauge.  At  the  end  of 
the  2-hour  sterilizing  period,  the  gas  was  auto- 
matically evacuated  to  24  inches  of  mercury 
vacuum.  The  indicated  temperature  range  for 
this  cycle  was  132°  F.  and  140°  F. 


Figure  3.  Pressure-temperature  chart  for  typical  2-hour  exposure  of  materials,  using  two  cans  of  sterilant. 
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Pressui-e-temperature  charts  for  typical  4- 
hour  exposui-e  of  materials  using  one  can  of 
sterilant  were  similar  to  the  chart  shown  in 
hgnre  3,  except  for  chamber  pressure  which  was 
'2  psig  instead  of  15  psig. 

Chamber  temperatures  in  the  prototype  steri- 
lizer used  for  the  tests  A'aried  considerably,  as 
indicated  by  thermocouples  placed  throughout 
the  equipment  {23).  Improvements  were  later 
made  on  the  production  models  to  obtain  more 
uniform  temperatures.  In  general,  however, 
temperature  control  was  adequate  for  steriliza- 
tion of  heat-sensitive  materials  without  damage. 

CoxcEXTirvTiON  OF  Etiiylexe  Oxide  Gas  ix 
Chaaiber.  Six  sterilization  tests  Avere  made, 
during  which  the  concentration  of  ethylene 
oxide  and  the  relative  humidity  were  deter- 
mined. Of  the  six,  three  Avere  made  using  one 
can  of  sterilant  each  as  a charge,  the  remaining 
three  using  two  cans  of  sterilant  each.  During 
each  period  of  sterilization,  Avhich  lasted  from 
•2  to  4 hours,  four  to  eight  samplings  Avere  taken. 
The  results  from  each  sampling  Avere  averaged 
OA'er  the  entire  run. 

I igure  4 sIioavs  a typical  chromatograph  of  a 
sample  of  gas  taken  from  the  sterilizer.  The 
heiglit  of  tlie  peak  corresponding  to  ethylene 
oxide  Avas  measured  and  multiplied  by  the  at- 
tenuation factor  to  determine  (from  a cali- 
bration cui  A'c)  tlie  number  of  moles  of  gas  pres- 
ent. Since  tlie  gas  was  at  atmospheric  pressure 
and  the  temperature  dillei-ent  from  that  in  llie 
chamlxir,  calculations  had  to  be  perfoiined  to 
{rive  the  concentration  of  gas  under  the  chamber 
conditions.  'I'his  Avas  accomplished  by  assuming 
that  the  ideal  gas  law  was  obeyed  and  by  using 
the  measured  values  of  temperature  and  pres- 
sure in  the  chamber  and  that  of  the  gas  just 
Indore  it  entered  the  chromatographic  ap|iara- 
tus.  The.s<;  data  together  with  the  known  vol- 
ume of  the  sample  loops  (1.21)  ml.)  ga\e  the 
weight  of  gas  j>er  unit  volume  in  the  diamber 
of  the  .sterilizer  itself. 

'I’able  1 gives  the  results  r>btained  using  one 
and  t wo  cans  of  sterilant.  One  may  compare 
the  ex[>erimenlal  re-iills  with  the  values  ex- 
pw:ted  from  the  amomil  of  sterilant  charged 
into  the  chamlx'r.  'I'he  net  weight  of  the  gas 
was  obtained  by  weighing  the  cans  before  and 
aflei’llie  run.  lly  esi imal iiig  I lu^  volumeof  the 


Figure  4.  Gas  chromatogram  of  ethrlene  oxide, 
freons,  and  air  in  sample  taken  from  sterilizer. 
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chamber  as  4.5  cubic  feet  and  the  percent  by 
Aveight  of  ethylene  oxide  in  the  sterilant  as  11 
percent,  the  expected  concentration  of  the 
ethylene  oxide  Avas  calculated.  The  results  of 
(his  calculation  are  giA^en  in  table  1.  Agree- 
ment hetAveen  (his  calculation  and  experiment 
is  very  good.  IIoAvever,  one  should  remember 
that  the  figure  estimated  for  the  volume  is 
rough,  since  it  does  not  take  into  account  the 
curvature  of  the  chamber  and  such  volumes 
as  the  empty  cans;  hence,  the  excellent  agree- 
ment may  be  fortuitous.  One  can  have  little 
doubt  on  (he  basis  of  these  results  that  the  con- 
tents of  each  can  are  volatilized  during  (he 
cycle. 

Ki:i..vtive  IIu.AiiniTV  of  Gas  Mixture  in 
('iiAMBER.  Measurements  of  relative  humidity 
were  made  of  ( he  gas  samples  just  prior  to  their 
entry  in  ( lie  chromatographic  apparatus.  The 
vahu's  obtained  were  con  veiled  to  Aveight  of 
watei’  in  a given  volume  of  saturated  air  at  (he 
temperature,  of  measurement.  By  assuming 
(bat,  (he  water  vapor  followed  ideal  gas  be- 


havior,  the  relative  humidity  of  the  gas  in  the 
chamber  was  calculated. 

Table  2 gives  the  average  relative  humidity 
for  three  runs  using  one  can  of  gas  each  and  for 
three  experiments  using  two  cans  of  gas  each. 
Since  the  temperature  of  the  chamber  varies, 
the  relative  humidity  will  also  vary.  There- 
fore, the  average  value  of  the  relative  humidity 
was  calculated  by  determining  the  weight  of 
water  in  a given  volume  at  the  temperature  and 
pressure  of  the  chamber.  This  value  was 
averaged  for  all  the  samples  in  a given  run. 
In  addition,  the  temperature  of  the  chamber 
was  averaged  for  the  same  samples.  The 
weight  of  water  in  satui’ated  air  at  the  average 
temperature  was  obtained  from  tables  (^.^),  and 
by  dividing  this  figure  into  the  average  value 
of  the  measured  weight  of  water,  the  average 
relative  humidity  was  calculated. 

The  values  of  the  relative  humidity  in  the 
chamber  during  experiments  5,  7,  8,  and  9 were 
obtained  from  measurements  of  the  gas  at  room 
temperature  and  atmospheric  pressure.  Under 
these  conditions,  the  relative  humidity  which 
was  measured  Avas  at  the  extreme  upper  limit 
of  the  sensing  element.  It  was  felt  that  these 
results  should  be  viewed  with  a certain  amount 
of  doubt  because  of  the  decrease  of  sensitivity 
in  this  range.  By  raising  the  temperatures  of 
the  gas  while  making  the  measurement  and  not 
changing  the  water  content  of  the  gas,  the  rel- 


Table  2.  Average  relative  humidity,  using  one  and 
two  eans  of  sterilant 


Experiment  No. 

Average 
weight  of 
water 
g/m^ 

Average 
tempera- 
ture °F. 

Average 

relative 

humidity 

(percent) 

One  can  of  sterilant 

5 

18.  5 

124 

21 

7 

18.  2 

126 

20 

11 

35.  5 

126 

39 

Two 

cans  of  sterilant 

8 

28.  2 

126 

31 

9 

32.  9 

126 

36 

10 

44.  7 

124 

51 

ative  humidity  could  be  decreased  into  the 
range  of  the  maximum  sensitivity  of  the  sensing 
element.  This  was  accomplished  by  placing  the 
steel  chamber  which  held  the  hygrometer  ele- 
ment on  a thermostatically  controlled  hotplate 
and  coA^ering  Avith  insulation.  In  this  way,  the 
temperature  of  measurement  was  raised  from 
82°F.  to  approximately  120°F.  and  the  meas- 
ured relatiA’e  humidity  lowered  from  around  65 
percent  to  10  percent,  which  is  in  the  range  of 
maximum  sensitivity.  This  modification  was 
employed  in  experiments  10  and  11.  The  most 
weight  should  be  given  to  the  results  of  these 


Table  1.  Ethylene  oxide  concentration,  using  one  and  two  cans  of  sterilant 


Experiment  No. 

Number  of 
samples 

Average 
concentration 
ethylene  oxide 
mg./l. 

Average 

deviation 

mg./l. 

Calculated 

concentration 

mg./l. 

One  can  of  sterilant 

5 

4 

497 

±5 

517 

7 

4 

487 

±10 

519 

11 

8 

544 

±23 

522 

Average  for  three  runs 

509 

±13 

519 

Two  cans 

of  sterilant 

8 

5 

887 

±90 

1,  048 

9 . 

5 

1,  005 

±155 

1,  040 

10 

5 

1,  099 

±58 

1,  048 

Average  for  three  runs  

997 

±101 

1,  045 
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latter  two  experiments.  These  results  indicate 
that  the  relative  huiniditv  in  the  cliamber  was 
in  range  of  30  percent  to  50  percent. 

Ekfxct  of  Ethylexf  Oxide  Gas  on  !Micko- 
ORGAXiSMS.  Experimental  data  obtained  from 
the  ethylene  oxide  gas  sterilization  method 
studied  are  shown  in  tables  3-G. 

Table  3 shows  the  results  of  two  different  ex- 
posures of  various  representative  bacteria  on 
filter  paper  strips  to  the  gaseous  sterilant.  In 
all  cases,  sterility  was  obtained  with  strips  ex- 
posed to  the  ethylene  oxide  gas  tnixture.  It  was 
observed  that  the  exposure  of  S.  tr/phi  and 
Protexiss  sp.  to  135°F.  for  4 hours  resulted  in 
sterility  of  some  of  the  strips  inoculated  with 
these  organisms.  The  bacteria  used  in  this  test 
represent  organisms  having  varying  resistances, 
but  all  are  susceptible  to  the  lethal  activity  of 
ethylene  oxide.  The  inoculums  used  in  these  ex- 
posures were  man}'  more  times  that  which  would 
usual!}'  be  found  on  general  hospital  equipment 
prepared  for  .sterilization.  These  concentra- 
tions of  organisms  would  more  nearly  represent 
grossly  contaminated  materials. 


Table  4 summarizes  the  results  of  exposures  of 
pathogenic  fungi  on  filter  paper  strips  to  ethyl- 
ene oxide.  The  fungi  were  represented  by  paper 
test  strips  containing  the  parasitic  and  sapro- 
phytic forms  of  these  fungi,  including  infected 
tissues  for  three  of  the  species.  Exposures  of 
these  samples  for  2 hours  to  the  contents  of  two 
cans  of  gas  were  sufficient  to  kill  all  the  fungi 
tested  except  Sporotrichum.  To  test  whether 
the  saprophytic  form,  or  spore  stage,  of  this  or- 
ganism was  actually  more  resistant,  spores  were 
exposed  to  the  gas  on  two  nioi'e  occasions.  As 
the  table  shows,  no  viable  spores  were  recovered 
from  three  additional  exposures,  thus  indicating 
that  this  fungus  is  not  truly  resistant  to  the  con- 
centrations of  ethylene  oxide  \ised  in  the  steri- 
lizer. It  should  also  be  noted  that  the  species 
of  Ilistoplasma  and  Blastomyces  in  the  yeast 
phase  and  in  infected  tissue  were  killed  by  the 
2-hour  exi)osure  to  135°F. 

Both  tables  3 and  4 definitely  illustrate  the 
microbicidal  activity  of  the  ethylene  oxide- 
halogenated  hydrocarbon  mixture.  These  tests 
can  be  considered  similar  to  exposing  certain 
other  nmlerials  contaminated  with  these  micro- 


Tahle  3.  KcsiiUk  of  exposure  of  bacteria  on  filter  paper  strips  to  ethylene  oxide  gas  mixture 


Results 

sterile  strips,  exposed  strips 

Micro-organism 

Cells  ])er  strip 

Ethylene 

oxide 

exposui-e 

135°  F. 
control 

Room 

temiK'rature 

control 

Exchtrichia  coli 

Salmonella  typhi 

Staphylococcus  aureus,  20!) 

M ycohaclerium  phlei 

E role  as  Bp 

Eseudomoiias 


Two  cans  of  sterilant  with  2-honr  exposure  ' 


24  X HF 

2/2 

0/2 

0/2 

20  X 10“ 

2/2 

0/2 

0/2 

4 X 10'.. 

2/2 

0/2 

0/2 

TNTC2  on  1-100  dilution 

2/2 

0/2 

0/2 

(i  X 10' 

2/2 

0/2 

0/2 

'I'N'l'C  on  1-100  dilution 

2/2 

0/2 

0/2 

One  can  of  sterilant  with  4-honr  exposure^ 


iSacillur  suhlilis  var.  ylohiyii  (spores) 

M ycohaclerium  phlei. 

Slaphyloeoccus  aureus,  20!) 

Salmonella  lypht 
Erotear  s\) . - . 


1.5  X 10“ 

4/4 

0/4 

0/4 

1,0  X 10“ . 

4/4 

0/4 

0/4 

0.0  X 10“ - - 

4/4 

0/4 

0/4 

2.5  X 10“ 

4/4 

2/4 

0/4 

2.2  X 10“ 

4/4 

3/4 

0/4 

' Apijroxiiiiate  test  c(jndilionR:  20-inch  meremy  pre- 
vacijiiifi;  !.'»  j<-ig  chamber  pn-n  -.iire;  120°  to  I ■10'^  F. 
chaiiilsT  tem(H!rattire;  l,tM)0  mg. /I.  elhylime  oxide  gas 
concentratiofi;  30  (jercent  to  '•<)  j>ercent  relative  hu- 
midity. 


’ 'r.N'rt-'  Too  niimerons  l.o  coniit.. 

* Approximate  test  conditions:  Same  as  above*  (except 
as  follows:  2 psig  chamber  pressure;  hOO  mg. /I.  ethylitne 
oxide  gas  concentral ion. 
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Table  4.  Results  of  2-hour  exposure  of  pathogenic  fungi  on  filter  paper  strips  to  ethylene  oxide  gas  mixture, 

using  two  cans  of  sterilant 


Type  suspension  and  fungus 


Infected  tissue 

Histoplasma 

Blastomyces 

Coccidioides 


Yeast  phase 

Histoplasma 

Blastomyces 

Candida  albicans 

Cryptococcus 


Saprophytic  phase 

Histoplasma 

Blastomyces 

Coccidioides 

Sporotrichum 


Cells  per 
strip 

Results 

Ethylene 
oxide  exposure 

135°  F. 
control 

Room  tem 
perature 
control 

0) 

No  growth 

No  growth 

Growth . 

(■) 

No  growth 

No  growth 

Growth. 

(b 

No  growth 

Growth. 

Growth. 

1.0  X 10' 

No  growth 

No  groAAdh 

Growth. 

1.5  X 10< 

No  growth 

No  growth 

Growth. 

1.3  X 10« 

No  growth 

Growth 

Growth. 

1.8  X lO'' 

No  growth 

GroAA'th 

Growth. 

1.0  X 10^ 

No  growth 

Growth 

Growth. 

4.0  X 10' 

No  growth 

Growth 

Growth. 

7.0  X 10' 

No  groAA'th 

GroAvth 

Growth. 

f 1.6  X 10'‘‘ 

GroAA'th 

Growth 

Growth. 

1 1.4  X 10® 

No  groAA’th-- 

Growth. 

] 1.0  X 10' 

No  growth  _ 

Growth. 

l‘2.0  X 10' 

No  growth 

Growth. 

* Xot  counted. 

Xote;  See  table  3 for  approximate  test  conditions. 


organisms  to  the  vapors  of  ethylene  oxide  for 
sterilization. 

Table  5 shows  the  results  obtained  on  a 
variety  of  materials  exposed  to  gas  steriliza- 
tion using  B.  subtilis  var.  globigii  spore  strips 
as  sterility  indicators.  The  penetrability  of 
ethylene  oxide  gas  was  demonstrated  by  placing 
the  spore  strips  in  a cotton  roll  and  at  varying 
locations  from  the  center  outward.  An  ex- 
posure period  of  2 hours  to  the  contents  of  two 
cans  of  gas  was  sufficient  to  kill  the  spores  on 
the  sti-ips  even  when  the  roll  of  cotton  was 
sealed  in  a polyethylene  plastic  bag  2 mils 
thick.  In  the  case  of  the  wrapping  materials, 
the  spore  strips  were  placed  inside  the  various 
types  of  envelopes  or  wrapping  materials.  In 
no  instance  were  viable  spores  recovered  after 
exposure  of  the  material  to  ethylene  oxide. 
Good  penetration  was  obtained  even  through 
the  polyethylene  envelope  2 mils  thick. 

In  several  ethylene  oxide  exposures  of  Tygon 
tubing  used  on  a heart-lung  blood  oxygenating 
apparatus,  a control  tube  containing  spore 
strips  of  B.  subtilis  var.  globigii  was  also  ex- 
posed. The  control  tubing  was  12  feet  long, 
and  the  spore  strips  contained  in  glassine  en- 
velopes were  located  at  intervals  of  2 to  3 feet 


within  the  tubing.  As  seen  in  table  5,  no  viable 
spores  Avere  recovered  from  any  of  the  strips 
removed  from  the  tubing  after  exposure  to  the 
ethylene  oxide  gas  mixture. 

A problem  confronting  the  libraries  of  many 
hospitals  is  the  sterilization  or  disinfection  of 
books  used  by  patients  having  infectious 
diseases.  To  determine  whether  or  not  the 
ethylene  oxide  gas  mixture  was  effective  in 
sterilizing  books,  spore  strips  Avere  placed  be- 
tAveen  the  pages  of  books  which  were  then  ex- 
posed to  the  gas  mixture  in  the  sterilizer 
chamber.  SeA^eral  spore  strips  Avere  placed  be- 
tAveen  pages  near  the  front,  near  the  back,  and 
in  the  center  of  the  books.  During  the  ex- 
posures the  books  were  either  lying  flat,  placed 
atop  one  another,  or  standing  on  edge.  The 
number  of  books  per  exposure  varied  from  one 
to  eight.  The  exposure  period  varied  fi'om  2 to 
18  hours  with  two  cans  of  gas,  and  was  4 hours 
with  one  can  of  gas. 

The  results  in  table  5 indicate  that  in  books 
standing  on  an  edge,  spores  are  killed  Avhether 
the  exposure  is  for  2 hours  Avith  two  cans  of 
gas  or  4 hours  Avith  one  can  of  gas.  Books 
standing  on  edge  apparently  afford  an  easier 
pathAvay  for  the  gas  to  reach  the  surfaces  of 
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the  pages.  On  the  other  hand,  books  lying  flat 
required  4 houi's'  exposure  with  two  cans  of  gas 
to  kill  the  spores. 

In  addition  to  the  above  evaluation  tests,  this 
sterilizing  procedure  was  used  to  sterilize  X-ray 
catheters,  a “radium  gun,”  and  pei-sonal  eft’ects 
of  patients.  The  X-ray  catheters  and  “radium 
gun"  were  in  muslin-wrapped  trays  containing 
several  spore  strips  of  B.  »uhtiUs  var.  glohigii 
beneath  the  wrapping. 

The  pei-sonal  eflects  which  were  processed 
consisted  of  various  games,  plastic  toys,  hobby 
materials,  lx)ok.s,  phonograph  records,  and 
clothing  items  which  could  not  be  heat  treated. 
The  various  items  were  contained  in  closed 
phi-stic  bags  when  received  for  processing. 
When  these  bags  were  placed  in  the  sterilizer 
chamber,  they  were  opened  slightly  to  allow 
rapid  passage  of  gases  during  the  vacuum  and 
pressure  cycles  of  the  sterilizing  pi'ocess.  At 
the  time  the  bag  was  opened  prior  to  exposure, 
several  spore  strips  were  distributed  at  random 
among  the  items.  Xo  bacterial  growth  was  ob- 
tained from  the  spore  strips  (table  5). 


Lensed  instruments  have  long  been  a steriliza- 
tion problem,  especially  those  which  contain 
electrical  apparatus.  A pharyngoscope  and 
cystoscope  were  used  in  this  study  as  being 
representative  of  the  lensed  instruments.  Many 
surgical  instruments  contain  delicate  blades  or 
small  moving  parts  which  are  difficult  to  steri- 
lize and  still  maintain  the  efficiency  of  the  in- 
strument. A heart  valve  knife  and  a heart 
valve  dilator  were  used  as  representatives  of 
these  kinds  of  surgical  instruments.  The  items 
were  contaminated  with  spore  suspensions  of 
B.  snhttlis  var.  gloiigli  in  areas  considered  least 
accessible  to  the  ethylene  oxide  vapor.  The 
bacteriological  results  of  tests  using  the  above 
instruments  are  shown  in  table  6.  No  viable 
organisms  wei-e  recovered  from  instruments  for 
exposure  periods  of  2 hours  with  two  cans  of 
gas  or  4 hours  with  one  can  of  gas. 

Cathetei*s  of  various  sizes  were  contaminated 
Avith  spore  suspensions  of  B.  snbfills  var.  gJo- 
bigii  and  exposed  to  the  ethylene  oxide  gas  mix- 
ture for  periods  ranging  from  2 to  4 hours.  The 
conditions  of  the  exposures  and  the  results  of 


'l'al)le  .5.  .Sterilization  of  various  materials  by  ethylene  oxide  pas  mixture,  using  Bacillus  suhtilis  var. 
plohipii  (1  X 10®  spores)  spore  strips  as  sterility  indicators  ‘ 


Material  exposed 

Cans  of 
sterilant* 

Hours 

exposed 

Number 

strips 

Results 

f'ottori  rolls  (nonabsorbant) : 

No  growth. 

1-Ixjuiid  size . ....  

2 

2 

4 

1-jjound  size  (.sealed  in  plastic  bap)  ..  ..  . _ 

2 

2 

1 

No  growth. 

Wrapping  materials: 

No  growth. 

Bleached  kraft  |)aper  envelopes  

2 

2 

(i 

Buck  steribap  envelope  ^ 

2 

2 

(> 

No  growth. 

f’ellulose  casing.  . . 

2 

2 

() 

No  growth. 

Bolvethylene  envelo|je  ..  . 

2 

2 

() 

No  growth. 

.Muslin  wrajjs  ..  

2 

2 

1 

No  growth. 

Surgical  rubber  gloves.  

'typon  tubing  (Jio  inch  insifle  diameter,  12  feet  long)  ® 

1 

4 

4 

No  growth. 

2 

-1 

4 

No  growth. 

Books ; 

1 standing  on  enrl  

2 

2 

1 

No  growth. 

1 large  lying  flat  

2 

2 

1 

(Irowth. 

5 lying  flat , ..  

2 

18 

r> 

No  growt  h. 

4 lying  flat 

2 

1 

4 

No  growth. 

lying  flat 

2 

2 

;i 

(irowt.h  in  1 

H lying  flat  (ato|i  one  anol  her)  

2 

:i 

8 

Cmwth  in  2. 

8 lying  flat  fatop  om?  anolher)  ‘ . — 

2 

1 

8 

No  growth. 

4 .landing  on  enri  . . 

1 

1 

4 

No  growth. 

.'1  -tanding  on  eml 

1 

4 

8 

No  growth. 

Ht-arl  or  X-ray  catheters  in  mu.slin-wrajj|»ed  trays* — 

2 

4 

4 

No  growth. 

Badiutn  pun  * - — 

2 

4 

2 

No  growth. 

flames,  plastic  toys,  and  |dionograph  recfuds  * . 

2 

4 

4 

No  growth. 

Plastic  toys,  game,-,,  books,  and  various  hobby  materials 

2 

;i 

() 

No  growl h. 

* I'oMirob.  for  each  ;di(jwed  positive  prowtli, 
- Ht-i;  table  'i  for  ap|<roxiiiiate  lent  eondilions. 

' 'I'e.-.t  run  111  leant  live  limes  with  saiiK;  results. 

‘ 'l  ent  run  llire(r  linien  with  name  reniilts. 
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Table  6.  Results  of  exposure  of  contaminated  instruments,  catheters,  small  bore  tubing,  and  hypodermic 
needles  to  ethylene  oxide  gas  mixture,  using  Bacillus  subtilis  var.  globigii  as  indicator  * 


Cans  of 

Hours 

Inoculum 

Materials  exposed 

sterilant  ^ 

exposed 

spores  per 

Results 

item 

( 2 

2 

4.5  X 10« 

No  growth. 

Instruments  (pharyngoscope,  cystoscope,  heart  valve 
knife,  and  heart  valve  dilator) . 

4 

4 

3 

1.8  X lO® 
1.5  X 106 
1.5  X 106 

No  growth. 
No  growth. 
No  growth. 

1 2 

2 

1.5  X 106 

No  growth. 

2 

4 

1.0  X 106 

Growth  on  3 of  6 

items. 

2 

2 

4.5  X 106 

Growth  on  3 of  6 

Catheters  (X-rav  Nos.  4,  6,  7,  and  8;  and  urinarv 

1 

items. 

Nos.  14  and  22). 

4 

1.8  X 10“ 

No  growth. 

1 

4 

1.5  X 10“ 

No  growth. 

2 

3 

1.5  X 106 

No  growth. 

2 

2 

1.5  X 106 

No  growth. 

Catheters  (urinary  Nos.  14  and  22) 

2 

2 

4.5  X 10“ 

No  growth. 

Growth  on  0.5  mm. 

Plastic  tubing,  0.5  and  1.0  mm.  inside  diameter  _ . 

2 

2 

1.0  X 10“ 

tube. 

One  end  occluded  by  syringe  and  plunger  ^ _ _ 

2 

314 

1.0  X 10“ 

Growth  on  both 

tubes. 

Plunger  removed  from  syringe  ■*_ 

2 

3 

1.0  X 10“ 

No  growth. 
No  growth. 

( 2 

2 

4.5  X 10“ 

1 

4 

1.8  X 10“ 

No  growth. 

Plastic  tubing  only,  0.5  mm.  inside  diameter 

1 

4 

1.5  X 10“ 

No  growth. 
No  growth. 

2 

3 

1.5  X 10“ 

1 2 

2 

1.5  X 10“ 

No  growth. 

1 2 

2 

4.5  X 10“ 

Growth  in  7 of  13 

items. 

2 

3 

1.5  X 10“ 

Growth  in  9 of  13 

items. 

Hypodermic  needles  (22-,  20-,  19-,  and  18-gauge  in 
lengths  ranging  from  to  3)4  inches). 

2 

2 

2.0  X 10“ 

Growth  in  1 of  19 

items. 

1 

4 

1.8  X 10“ 

Growth  in  1 of  9 

items. 

1 

4 

1.5  X 10“ 

Growth  in  2 of  12 

' 

items. 

‘ Controls  for  each  spore  suspension  showed  positive  growth. 
2 See  table  3 for  approximate  test  conditions. 

^ Test  run  twice  with  same  results. 

* Test  run  four  times  with  same  results. 


tlie  bacteriological  sampling  are  shown  in  table 
6.  The  concentration  of  spores  in  the  inoculum 
was  rather  extreme,  and  it  was  observed  that 
erratic  results  were  obtained  when  the  inoculum 
was  approximately  million  spores  per  item. 
When  the  inoculum  was  decreased  to  less  than 
2 million  spores  per  item,  no  viable  spores  were 
recovered,  whether  the  items  had  been  exposed 
to  the  contents  of  two  cans  of  sterilant  for  2 
hours  or  one  can  for  4 hours. 

The  problem  of  sterilizing  small  diameter 
tubing  was  encountered  when  an  attempt  was 
made  to  sterilize  0.5-mm.  and  1.0-mm.  polyethy- 
lene tubing  attached  to  2-ml.  hypodermic 
syringes.  The  tubing  on  each  syringe  was  ap- 
proximately 36  inches  long.  The  interior  of  the 
tubes  was  contaminated  with  spore  suspensions 
of  B.  subtilis  var.  globigii  and  exposed  to  the 


ethylene  oxide  gas  mixture.  The  conditions  of 
the  exposures  and  the  results  of  the  bacterio- 
logical sampling's  are  shown  in  table  6.  In  three 
tests  the  tubing  was  exposed  with  the  plunger 
of  the  syringe  in  the  syringe  barrel.  Under 
these  conditions,  viable  spores  were  obtained 
from  the  0.6-mm.  tubing  in  all  three  exposures 
and  once  from  the  1.0-mm.  tubing.  In  four  sub- 
sequent tests,  the  plunger  of  the  syringe  was 
removed  from  the  barrel.  In  these  instances,  no 
viable  spores  were  recovered  from  any  of  the 
tubing,  but  it  is  pointed  out  that  the  exposure 
time  was  increased  from  2 to  3 hours.  Further 
tests  were  conducted  using  0.5-nnn.  tubing  only 
with  varying  exposure  times  and  concentrations 
of  inoculum.  No  viable  spores  were  recovered 
whether  the  exposure  time  was  2 hours  with  two 
cans  of  gas  or  4 hours  with  one  can  of  gas. 
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Sterility  was  observed  even  when  the  inocnlinn 
per  tube  was  million  spores.  It  is  seen  from 
this  series  of  tests  that  nonsterility  was  found 
when  one  end  of  the  tubing  was  occluded,  but 
sterility  was  obtained  when  both  ends  of  the 
tubing  were  unobstructed  to  allow  free  access 
of  the  gas  to  the  interior  surfaces  of  the  tubes. 

To  determine  further  the  ability  of  the  ethyl- 
ene oxide  gas  mixture  to  sterilize  the  interior 
of  small^^lbes  or  small  tubular  openings,  a series 
of  tests  wfes  made  using  hypodermic  needles  of 
various  d^jmeters  or  gauges  and  dilfering 
lengths.  The  needles  were  22-,  20-,  19-,  and  18- 
gauge  with  lengtlis  of  II/2,  2,  3,  and  3I/2  inches, 
riie  needles  were  contaminated  with  spore  sus- 
pensions of  B.  s-ubtilis  var.  globigii  in  concentra- 
tions from  iHfffffion  to  5 million  per  needle  and 
exposed  either  to  the  contents  of  two  cans  of  gas 
for  2 hours  or  one  can  of  gas  for  4 hours.  Re- 


sults of  these  tests  are  shown  in  table  (>. 


EfFHCT  of  I as  (X  ExrOStU)  iM.VIEKIALS.  A 
variety  <jf  hospital/  and  laboratory  materials, 
such  as  instrument.4^,  plastic  materials  of  several 
types,  surgical  rubber  gloves,  and  books,  were 
exposed  to  the  ethylene  oxide  gas-halogenated 
hydrocai’bon  gas  luixture  for  periods  ranging 
from  4 to  2U0  hours  without  damage. 


Plastic  materials,  such  as  a plastic  heart  valve, 
polyethylene  tubing  and  bags,  plastic  catheters, 
toys,  and  phonograph  records  were  examined 
for  visible  changes.  The  heart  valve  was  ex- 
posed to  ethylene  oxide  four  times  for  a total 
of  10  hours.  There  was  no  apparent  damage 
or  warping  of  the  plastic.  The  plastic  tubing 
and  catheters  Avhich  were  used  in  these  studies 
showed  no  observable  damage  or  alteration  of 
their  physical  properties.  Some  of  the  plastic 
toys  and  records  which  were  exposed  for  mox’e 
than  4 horn's  showed  some  indications  of  warp- 
ing, which  was  no  doubt  due  to  the  prolonged 
exposure  to  the  heated  chamber  and  not  to  the 
etfects  of  the  ethylene  oxide. 

Rubber  gloves  sterilized  by  ethylene  oxide  in 
six  sterilization  cycles  for  a total  of  17  hours’ 
exposure  appeared  to  be  in  nearly  new  condition. 

The  cj^stoscope  and  pharyngoscope  used  in 
the  study  were  examined  ^’er3’■  closel}'-  after  each 
exposure.  The  cystoscope  was  exposed  six  times 
for  a total  of  17  hours  and  the  pharyngoscope 
seven  times  for  a total  of  19  hours.  Examina- 
tion revealed  no  apparent  corrosion  of  the  metal 
parts  of  the  instruments,  the  lenses  appeared 
clear,  and  there  was  no  observable  change  in  the 
lens  cementing  compounds  used  in  tliese  in- 
struments. 


Hazards  and  Prolilems 


Assuming  tlie  .sterilizer  was  installed  in  an 
unveiitilated  loom  with  a volume  of  2,500  cubic 
feet,  the  coucentrat icjii  of  ethylene  oxide  in  the 
air  theoiet ically  could  ivach  1,000  ppm  it 
all  the  gas  escaped  into  t be,  room.  Accoi’ding  to 
Sax  this  would  be  at  least  10  times  the, 

maximum  allowable,  (;oncetit  l at  ion  in  a woi  kiiig 
atmosphere.  Inhuuiation  by  Lloyd  and  4'homp- 
s<m  (,i)  indicates  that  a person  can  woiU  in  an 
atniospliere  containing  250  j»pm  etbyhme  o.xide, 
in  single  exposui’cs  of  1 hour  without,  being 
hai'iued.  Fortunat(4y,  one,  of  the,  (iist  symp- 
t/Jiuh  notice<l  on  overexposure  to  ethylene,  oxide, 
is  ii-ritatifui  to  the,  ey<«  and  no.se,  which  helps  to 
Warn  of  the  pi(‘s(Mice  of  a liazai’dous  concentra- 
tion of  I he  gas.  1 1 is  obvifuis,  however,  t bat  this 


type  of  sterilizei-  should  be  installed  only  in  a 
wel  1 - vent  i hit, ed  room. 

Of  s])C(;ial  interest  was  the  amount  of  ethyl- 
ene oxide  left  in  the  sterilizer  after  the  ter- 
minal vacuum  was  di'awn.  This  was  obtained 
for  two  experiments  with  11!)  and  130  mg./l. 
c,onceiit  rat  ions  of  residual  ethylene  oxide. 
Simple  cakadations  show  I, hat  one  should  ex- 
ped,  aiound  25  mg./l.  of  ethylene  oxide  after 
linal  vacuum.  'I'lie  expei-iiuents  show  a diifej’- 
eiKte  by  a factor  of  almost,  live.  A possible  ex- 
planation  of  (his  may  be  the  fact  that  these 
ex|)eriiuents  were  perfoiiiied  while  sterilized 
materials  were  in  (he,  chambei-.  'I'lie  higher 
comamt  rat  ion  may  be  a result,  of  relat  ively  slow 
di (fusion  of  (he  gas  from  (he  objects  and  the 
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bag  in  which  they  were  placed.  Since  the 
vacuum  operated  for  only  a short  time,  removal 
of  the  gas  may  not  have  been  complete.  In  an 
adequately  ventilated  room,  the  residual  ethyl- 
ene oxide  gas  would  not  be  hazardous. 

Surgical  gloves  were  sterilized  by  the  ethyl- 
ene oxide  gas  mixture.  With  clean,  di-y  gloves 
the  ethylene  oxide  vapor  contacts  all  surfaces 
of  the  gloves.  In  addition  to  this,  ethylene 
oxide  is  absorbed  by  rubber,  a circumstance 
which  may  facilitate  the  sterilizing  procedure. 
Because  of  the  absorption  of  the  gas  in  rubber, 
it  is  imperative  that  rubber  goods  sterilized 
with  ethylene  oxide  not  be  used  for  several 
hours  after  they  have  been  removed  from  the 
sterilizer.  Contact  of  the  sterilized  rubber 
goods  with  the  skin  prior  to  aeration  may  re- 
sult in  severe  chemical  burns.  A waiting 
period  after  steillization  allows  the  absorbed 
gas  to  diffuse  from  the  rubber.  This  precau- 
tion should  also  be  followed  when  usino-  leather 
goods  sterilized  with  ethylene  oxide. 

With  the  exception  of  one  run,  sterilization 
of  all  contaminated  hypodermic  needles  was 
not  achieved.  In  seeking  an  explanation  for 
these  erratic  results,  consideration  must  be  given 
to  the  large  quantities  of  inoculums  used  in 
these  tests.  Although  all  the  needles  were  con- 
taminated in  the  same  manner,  there  was  no 
control  over  the  dispei’sion  of  the  suspension 
within  the  individual  needles.  Thus,  in  some 
needles  a thick  layer  of  the  suspension  may 
localize  in  an  area  and  in  this  way  the  cells  near 
the  surface  protect  the  cells  deeper  in  the  layer. 
This  nonuniformity  of  dispersion  is  very  likely 
the  variable  responsible  for  the  inconsistent  I’e- 
sults.  In  actual  practice,  this  protective  in- 
fluence would  be  found  only  in  grossly  con- 
taminated material  and  not  in  properly  cleaned 
needles.  Well-cleaned  needles  would  contain 
only  a few  hundred  bacterial  cells  at  the  most, 
and  it  is  apparent  from  the  results  of  these 
tests  that  such  needles  would  be  sterilized  by 


ethylene  oxide,  since  needles  containing  more 
than  1 million  spores  were  sterilized. 

The  sterility  obtained  for  plastic  tubing  and 
the  nonsterility  indicated  for  needles  of  similar 
diameter  may  be  explained  as  follows:  In  the 
plastic  tubing,  the  inoculum  is  probably  spread 
over  a greater  surface  than  in  a needle.  Also, 
ethylene  oxide  vapor  will  diffuse  through  the 
walls  of  the  plastic  tubing  and  can  reach  the 
layer  of  spore  suspension  from  two  sides.  In 
the  needle,  only  one  side  of  the  spore  ^spension 
is  accessible  to  the  gas.  Thereto^,  ethylene 
oxide  has  a greater  probability  of  I’eaching  or- 
ganisms inside  the  plastic  tubing  than  those 
inside  the  needle. 

Ziiamirowski,  McDonald,  and  Eoy  (36)  have 
recently  published  data  indicating  the  difficulty 
of  killing  bacterial  cells  and  spores  with  an 
ethylene  oxide-halogenated  hydrocarbon  mix- 
ture when  the  organisms  were  dried  on  glass 
surfaces,  whereas  little  difficulty  was  experi- 
enced with  organisms  dried' on  absorbent  mate- 
rials. They  suggest  that  such  results  may  be 
due  to  the  relationship  befween  the  physical 
condition  of  the  organism  and  the  relative 
humidit}^  of  the  exposure.  It  is  logical  that 
water  vapor  and  the  ethjdene  oxide  gas  would 
be  more  likely  to  penetrate  to  the  surface  of 
cells  on  porous  materials  than  to  cells  on  solid, 
nonabsorbent  surfaces.  The  authors  point  out 
that  their  results  “do  not  necessarily  apply  to 
whatever  modifications  may  be  introduced'’  on 
machines  subsequent  to  their  investigation. 
However,  test  results  do  indicate  that  steriliz- 
ing different  materials  may  require  modifica- 
tion of  the  so-called  standard  cycle,  just  as 
certain  types  of  loads  for  steam  sterilization  re- 
quire deviation  from  the  standard  steam  cycle. 
It  is  suggested,  therefore,  that  preliminary  tests 
for  sterilizing  articles  be  conducted  if  the 
opei’ator  has  not  had  experience  sterilizing 
either  a particular  object  or  material  or  when 
recommendations  for  the  correct  sterilization 
cycle  are  not  available. 
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Summary 


Practical  equipment  with  automatic  cycle  con- 
trol and  which  uses  gaseous  ethjdene  oxide  for 
sterilization  of  heat-sensitive  apparatus  and  ma- 
tei-ials  in  hospitals  and  laboratories  has  been 
developed  by  private  industry  for  commercial 
production.  This  paper  covei-s  the  evaluation 
of  the  method  of  sterilization  which  employs  a 
nonflammable,  nonexplosive  mixture  of  ethyl- 
ene oxide  (11  percent)  and  halogenated  hydro- 
carbons (89  peirent)  with  low-pressure  charac- 
teristics. 

The  field  testing  of  this  sterilization  method 
was  conducted  over  a period  of  18  months  dur- 
ing which  mechanical  performance  of  the  equip- 
ment, reliability,  and  safety  were  studied.  Tem- 
j>erature  of  selected  ])oints  Avithin  the  sterilizer 
chandler  were  measured  with  thermocouples 
connected  to  a multipoint  recorder.  A rapid 
and  fairlv  accurate  method  of  determining 
ethylene  oxide  camcentration  of  small  samples 
of  gas  withdrawn  from  the  chamber  Avas  de- 
A'eloped  using  gas  cliroinatographic  apparatus. 
lielati\e  humidity  was  simultaneously  deter- 
mined by  use  of  an  electric  hygnnneter.  A 
variety  of  materials  and  apparatus  together 
with  representative  test  organisms  was  exposed 
to  a range  of  conditions  to  determine  the  ellect 
of  the  gas  on  micrrj-orgaiiisms  and  exposed  ma- 
teiials. 

'I'he  sterilization  methdd  used  in  this  study 
was  found  to  lx*  safe  and  /(‘liable  when  used  in 
an  ade<juafely  ventilatcid  l•oonl. 


The  ethylene  oxide-halogenated  hydrocarbon 
mixture  used  in  this  study  Avas  found  to  be  a 
satisfactory  sterilizing  agent  Avhen  used  Avith 
a pre-vacuum  of  approximately  26  inches  of 
mercury  and  in  a manner  that  i/isured  adequate 
exposure  of  contaminated  surfaces  to  the  gas- 
eous mixture.  A minimum  exposure  period  of 
2 hours  sterilized  all  sui’faces  easily  accessible 
to  the  ethylene  oxide  gas  in  a concentration  of 
approximately  1,000  milligrams  per  liter  at 
chamber  jAressure  of  approximately  15  pounds 
per  scpiare  inch  gauge,  temperatures  120°  F.  to 
140°  F.,  and  relative  humidity  betAveen  30  per- 
cent and  50  percent.  A 4-hour  exposure  period 
Avas  also  found  to  be  satisfactoi*y  for  the  above 
conditions  Avith  an  ethylene  oxide  concentration 
of  ai)proximately  500  milligrams  per  liter  and 
corresponding  chamber  ])ressnre  of  approxi- 
mately 2 ))ounds  per  square  inch  gauge. 

Pi-eliminary  tests  should  be  performed  to  ob- 
tain coiTect  ex})osure  conditions  Avhen  attempt- 
ing to  sterilize  items  Avith  surfaces  not  easily 
accessible  to  the  ethylene  oxide  gas  or  Avhen 
pi'eviousstei’ilization  data  foi‘  such  matei'ials  ai*e 
not  available.  All  exposed  matei'ials,  especially 
leather  and  rubber  goods,  .should  be  alloAA’ed 
an  8-  to  12-hour  aeration  pei'iod  in  a Avell-veuti- 
laled  ai'ea  befoi'e  being  used  in  contact  Avith 
body  tissue's.  Packaging  or  Avrajijiing  matei'ial 
should  alloAV  l’ri>e  penetration  of  ethylene  oxide 
throughout  the  package  and  should  also  prevent 
poststerilizat  ion  contain  in  at  ion. 
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